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DOCUMENT- IDENTIFIER: US 52 79950 A 

TITLE: Bioconversion process for the production of vanillin 



Jan 18, 1994 



Brief Summary Text (5) : 

It is well known that vanillin is formed in small quantities from aromatic comoounds 
known to be precursors in the biosynthesis of lignin (see Rahouti , Mohammed efaf 

X' 25-ri9?v: sitSrllnd' f /^P" ' ^^dasa, K. , Agkc . Mol'' Chem ' ' ' 

4i.y25 9, 1977, Sutherland, J. B. et al.. Can. J. Microb. , 29:1253-7 1983) 
Trans-ferulic is a common precursor in the biosynthesis of lignin as 'well as a 
lignm degradation product. The metabolism of ferulic acid by soil microorqanisms 
typically leads to the production of vanillin but the vanillin so fomed Is ^^rther 
converted to vanillic acid and/or vanillyl alcohol whi ch in tu rn a^e t^iJallv 
transformed to other degradation products such as protocatechuic ac?d giaiacol 
hydroqumones, catechol, ring-cleavage products, elc. Thus, it is gen;rani 
recognized that vanillin is an intermediate in the overall scheme fSthe 
biodegradation of ferulic acid and ferulic acid precursors so that onirsmall 
amounts of vanillin accumulate when ferulic acid is biodegraded by soil 

• ^^^^^ ^ 1^^9^ ^^"*er of references which report on the 
metabolism of aromatic compounds by soil microorganisms (e.g., Pullularia pullulans 
Fusarium sp Aspergillus niger. Bacillus sp., Pseudomonas sp , Nocardia sp see 
Borneman W S. et al., Appl . Microbiol. Biote chnol. 33:35 4-51 1990 EqqeliAa L 
et al.. Arch. Microbiol. 126:141-8, 1980) but none stress the potent laf for Ssinq' 
l^^^^^l^^oorgamsn^s for vanillin synthesis because vanillin accumuStes oSy small 
quantities as an intermediate product. "-i-ciocb oniy smaii 

Brief Summary Text (14) : 

?n ^hrV""^^ °l ferulic acid degrading microorganism, any of the common types cited 
in the literature capable of the degradation of ferulic acid may be used^rovided 
the microorganism is able to effect the degradation through a pLhway whe?e?n 
Znl intermediate. Thus, it is envisaged that many t^es o^ fungi 

bacteria and yeasts will work in the present invention as a lar^e number If ' 
microorganisms with this capability are known. For the purposes of tSs indention 
"ferulic acid degrading microorganism" will hereinafter refer ?o those 
microorganisms capable of growth on trans-ferulic acid to 4-substituted quaiacols bv 
a pathway wherein vanillin is an intermediate. Illustrative of this (but no^ ^ 
iri.n?? •^^^•''^'"''°T^^"^"'°^^ ""'^ Pestaloti palmarum which convert f e^^lic acid 

cepJIK^e"^dr;:;rr"r'/''^ ^f^'^'^ "-.^^ - Pseudomonas 
cepacia (see Andreoni, v., et al., Syst. Appl. Microbiol., 5-299-304 i Qsn) ^ 

Fusarium solani (see Nazareth, S. et al . , ?an. J. Microbiil 32:494:7 986) 

TssT'T^ versicolor (Ishikawa, H. , et al . , Arch. Biochem. Biophys , 100 Li:9 

1963) and Pseudomonas acidovorans (Toms, A., et al . , Biochemistry 9-337-43 1970) 

are also known to transform ferulic acid to vanillin via elimination 'of sJl; lain 

L'rSc'acifSdasf'?""'? 'l^'^^^'^l' oTO^orming euge^or^olanillif J a 

reruiic acid (Tadasa, K. , Agric. Biol. Chem. , 41(6):925-9, 1977). 

Brief Summary Paragraph Table (2) : 

Microorganism Precursor DTT DTT y BnUHR Cone, (ug/ml) Vanillin Without With 

liTl ""uqenof 1^'4%'p-' " IB .5 Pseudomonas putida -p^1 t^^L"?.^^-i"! 

I I't « ?i^T^ ; ; Corynebacterium glutamicum Ferulic Acid 16.2 115 0 " Euqenol 
3.3 3.8 Rhodotorula glutinis Ferulic Acid 0.4 80.6 i^ugenoi 

Detailed Description Text (2) : 

This example illustrates the effect of a sulfhydryl agent (dithiothreitol) in 



,L,,p.„ w osiuia.ouuij uiii/cgi-oin/accuni_^^>«jj<Kacnon=l'Ki:SbNT&p_L=20&p u form 

increasing the production of vanillin when vanillin precursors are treated with 
Pseudomonas putida cells. 

Detailed Description Text (3) : 

Pseudomonas putida ATCC 55180 was inoculated into 50 ml of Mandels medium containina 
1% glucose and was cultured at 30 degrees C. for 16 hours on a rotary shaker T^e 
resulting cells were harvested by centrifugation and were resuspended in 10 ml of 
^ ""p r ""l"^ ^° f P°^tions of the cell suspension werf 

added to 9-ml portions of four different reaction mixtures to form the bioconverSion 
mixtures shown in Table 1. The mixtures were incubated at room temperatuJeTr 25 
degrees C J without aeration. Vanillin concentration was determined In the mixtures 
at the indicated times. All bioconversion mixtures contained 0 . 1% glucose in 
addition to the added cells and reactants shown in the Table. 9^^^°^^ 

Detailed Description Text (9) : 

H?Jh.-ofr^^^ ^^""^ bioconversion of vanillin precursors in the presence of 
dithiothreitol usin g Pseudomonas acidovorans ATCC 15668. presence or 

Detailed Description Text (13) : 

This example shows bioconversion of ferulic acid by Pseudomonas putida in the 
presence of different sulfhydryl containing compounds. ^ 

Detailed Description Text (14) : 

Pseudomonas putida ATCC 55180 was inoculated into 100 ml fresh YNB medium containina 
1% glucose. After culturing for 7 hours at 30 degrees C. with shaking at 250 
the cells were collected and transferred into 200 ml of fresh YNB melium contSnlna 
rr^^'''^ cultured overnight on a rotary shaker at 30 degrees C CeUs weJr 

0 f% FA E.rh in ^ mixtures containing Mandels medium, 0.1% glucose and 

^? as sho^ in ?able different sulfhydryl compound (concentration 10 

f^L LT -.^ mixtures were incubated for varying periods of 

time and vanillin concentration determined. perioas ot 
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DOCUMENT- IDENTIFIER: US 6323011 Bl 
TITLE: Production of vanillin 

Abstract Text (1) : 

Jcif of sal'/thereo?^ iHH^ comprising the steps of: (l) providing trans-ferulic 
acia or salt thereof; and (2) providing trans-f erulate; CoASH ligase activitv 
(enzyme activity I) trans-f eruloyl SCoA hydratase acti;ity (enzyme ac^f^ui L) and 
':?Tj"°"^;'-'"^^^°^^'^^-yl--l^^ta.-hydroxy-propionyl SCoA (LmP ^oA)cle^Zgl ' 
"^o^LLnrFrT'orfmitLt"'^ . conveniently the enzymes are provided brPseudomonas 

activities tt Lh t?t T derivative thereof. Polypeptides with enz^^S^i 

activities II and III and polynucleotides encoding said polypeptides Use of said 
polypeptide's or said polynucleotides in a method ?or producEg vanUlin 

Brief Summary Text (4) : 

In the Gram-negative bacterium, Pseudom onas acidovorans trans-fen,! ^.h*. cv,^ 
be catabolised to vanillate and^^^t^tiT^parentirv^^vaSuif U ^LfLd J M 
wood, Biochemistry 9, 337-343 (1970)). Although in cell - free ext racts S sud ^'w as 
necessary for the oxidation of vanillin to vanillate and for the Jurthe^^oxidaMon 
cofl^l^ '° P^°tocatechuate and formate, no mention was made of any o?^er 

cof actor requirements. Further studies of f erulate utilisation in Pseudomonas 

n^^^l t ? io Hatakeyama and T. Kodama, Appl. Microbiol 

M^oMof -5 ''2 4^'"2\°5^^n^^ ^ ^oS-?'app1. Env. 

uicroDioi by, 2244-2250 (1993)); however, these have not souqht to elucidate 

further the mechanism of the two-carbon cleavage of ferulate Zenk et 9^(1980) 

Anal^ Biochem. 101, 182-187 describe a procedure for the enzymatS s^heiis aid 

isolation of cmnamoyl-CoA thioesters using a bacterial systSn. ^n contrast the 

enzymology and genetics of the utilisation of simple benzene derivatives iAcJ^di .a 

E. Parales C. S. Harwood and J. E. Houghton, J. Bacteriol. 176 5771-5779 (1994): 
J. inoue, J. P. Shaw, M. Rekik and S. Harayama, J. Bacteriol. 177 Il^S-Lol (1995; 

Brief Summary Text (16) : 

we have determined the mechanism of chain-shortening of trans-f erulate 

Brief Summary Text (21) : 

ar. V, strain AN103 the said bacterium being that deposited under the Budapest 
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Treaty at the National Collection of Industrial and Marine Bacteria Timih^H armTo 
Business Centre, 23 St. Machar Drive, Aberdeen AB2 1R? Scotland nnH^ n ' ^^^^ 
NCIMB 40783, or a mutant or variant thereof "'By^Lt^n^ or°varianrtherJof "'e^" 
include any mutant or variant of the said bacterium provided that the bacterium 
retains the said enzyme activities whether or not at the same levels It wJnL 
appreciated that the said enzyme activities can be retained even if the genes 

particularly useful mutants'of Ps. f luorLc'^S'biov^^^ ?! st a\TLlor^;s':re''^ 
variants in which one or more of the enzymes with the said activities exhibifmo.. 
L^™\'sub'm) .^'^^^^^^^^^^^^^ - tur^oJL^nu^er 7/1 

Brief Summary Text (74) ■ 

Mx^eraeen abz IRY, Scotland under Accession No NCIMB 40783 or- m.^i-^r.^ • Z 

Brief Summary Text (164) : 

Pseudomonas and various additional enzyme preparations co factorsor oo ?f ^ 
Brief Summary Text (165) : 

microorganism is typically grown on a f erulate-rich substraS or a subSate 
comprising trans -feruloyl SCoA. This could generate a vanillL Jr^d^cS^proce^ 

Brief Summary Text (172) : 

bioiar^T^!^ ^^"^^^1^°^ ""^^ invention provide use of Pseudomonas fluorescens 

Drawing Description Text (3) : 

hSpSp sJoa' ^^^t catalyses the interconversion of trans-ieSoyl SCol Ind 

HMPHP SCoA; III is an enzyme that catalyses the interconversion of HMPHP qr-oa f,,^ 
g||gg;^and_IV is an enzyme that catalyses the intercone^rsirof^^SlS^ 

Detailed Description Text (15) • 
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c:£r.oLTl:.\^^^^^ SoL^r °:,Se^°"^ -ans-feruute as sole 

protocatechuate and caffeate Growth on iann^?n i''°T°"'''^^;i including vanillate, 
(<1 MM) but was variable; higher concent- raHnnr wr l°w concentratioAs 

organism was grown on va^illlte ^Jansfe^ ti^^HT, 9^°^th-.nhibitory . if the 
carbon source was followed by a'ljj in tL arSh transferulate as sole 

the transfer was to medium conLinina both f.^ i^ ."""^^L ^^^^ ''^^ observed if 
During a growth cycle on trans-^Jr^Jate ^ ^^"^^^^^e and trans -ferulate (FIG. 2). 
Observed at around the time when trans ferulltfdff vanillate was 

suggesting that vanillate was a catSolfte i? fr-fnfT^^f^""^^ '"^^^"'^1 ("G- 3) ' 
protocatechuate was also observed when thP ° n T ^''''^^''^ ' ^""^^^ of 
shown) . ooserved when the culture medium was examined by TLC (not 

Detailed Description Text (79) • 

Detailed Description Text (80) : 

A strain of Pseudomonas fluorescens (biovar v aTvTino\ ■ . 

Institute of-T55dTi^rch, Norwich Labor^^^^ ^'nV ""^^ ^^^^lated from soil at the 
Detailed Description Text (89) • 

li^olltllllV^^^^ f-Ple 4) in the K. coli clone was 

medium, containing ampJcillin (lo mu a/^T f?""^^; 3 h in 50 ml of L 

Extracts were prepared as described^ho.'^ - "l^^ induction by IPTG. 

but without centrifugatJon ?L crudf ^J^rac^ 1 ' "-^--^^ens AN103, 

with both HMPHP SCoA and trans ferulovrq^nf was used for assay. Enzyme activity 
Example 4 using HPLC to determine tie JefcHor' ^^""^^^d described above il 
Table IX clearfy demonstrate tMt vaninJn anS llltTlcoT" "''"''.^ Presented in 
equimolar proportions both w-ihV, t-r- ^^o ^ ? acetyl SCoA were produced in 

substrates'^ In additLn Smtop sCoA w.'f f f ^""^ "^"^^ ^^"^ 2^°^ 
trans-feruloyl SCoA de^onstrLfnfthrrev^ P^tatively 
closely similar to ^hose obtained with thl vJ^ ?f • ^'^^'''"'^ ^^^^^ ^^^"^^s are 
from Pseudomonas fluorescens ^103 auSu^FF^^TTF^^^ cleavage enzyme purified 
trans-feruloyl SCoA and HMPHP SCoA diffe?s^snaht^fh^^ activities with 
There was no activity with either tranr5Lnin?? i^ between the two preparations, 
an unmanipulated E. coli strain wJ^hh^^ ^ ^^ 3^°^ extracts of 

E. coli l?39 that expressef^'pseudomLafa^n^ tl -nanipulated strain 

lower in the extract'made fonLlfTSSof^Lf L'?hat'^L^ ^^'^^'^^^^ 
bacteria, since the assay measures on ■ ^ "'^^^ uninduced 
increased protein expression occurs ,^ion H .^''^^^ conceivable that 

incorrectly folded and therefor^^L^^ induction but this may result in 
expression'^of the B^kD prSjrvisuanTorr'"'- " ^^^^^^^^ ^^tect 

gels because of its co-miStion iith o^ f dimensional SDS 

encoded by the vector .l^TcniTn r^sLtaLfm^S^^. -beta . -lactamase 

Other Reference Publication (5) • 

?L':re1c:;s's;?a?n^Pr"°App1 pseudomonas 

Appi. Biochem. Biotech,, 45/46:599-610 (1994) . ' 

Other Ref erence Publication (26) • 



other Reference Publicati on (2 7 
Inoue et al ^^^^ ^ ^ 



Shrxjl'cle^e'p^o'dic'^f aL'f Hvdro^ Specificities of Benzaldehyde Dehydrogenase 
Gene Product) Encoded iy JoL ^JSSd'^wSr^f f "^^^^'^^^i'^^ Dehydrogenase (the xylG 
177:1196-1201 (1995). Pl^smid pWWO of Pseudomonas eutida^" j. Bacteriol!, 
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Other Ref erence Publication (52) • 

T.i^.lltslT'''' °' Phenylpropanold Degradation in Pseudo.onas putida .t-2,.. 



